(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
17 May 2001 (17.05.2001) 




PCT 



llllllilllllliillllllllliliiii 

(10) International Publication Number 

WO 01/35647 Al 



(51) International Patent Classification^: H04N 5/76 

(21) International Application Number: PCT/US0(1/31046 



(22) International Filing Date: 

10 November 2000 (10.11.2000) 



(25) Filing Language: 

(26) Publication Language: 



(30) Priority Data: 
60/164.791 



10 November 1999 (10. 1 1 .1999) US 



(71) Applicant (for all designated States except US): THOM- 
SON LICENSING S.A. [FR/FR]; 46, Quai Alpbonse Le 
Gallo, F-92648 Boulogne Cedex (PR). 

. (72) Inventor; and 

i (75) Inventor/Applicant (for US only)-, LIN, Shu [CN/US]; 
9269 D Yale Drive, IndianapoUs, IN 46240 (US). 

I (74) Agents: TRIPOLI, Joseph, S.etal.; Thomson muldmedia 
! Licensing Inc., PC Box 53 12. Princeton. NJ 08540 (US). 



(81) Designated States (national)-. AE, AG, AL, AM, AT, AU. 
AZ, BA, BB, BG. BR, BY. BZ, CA, CH, CN. CR, CU, CZ. 
DE, DK, DM, DZ, EE, ES, PI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP. KE, KG, KP. KR, KZ, LC, LK. LR, 
LS, LT, LU, LV. MA, MD, MG, MK, MN, MW, MX, NO, 
NZ, PL, PT, RO. RU, SD, SE, SG, SI, SK. SL, TJ, TM, TR. 
TT, TZ, UA. UG, US. UZ. VN. YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD. SL, SZ, TZ. UG, ZW). Eurasian 
patent (AM, AZ, BY, KG, KZ, MD. RU. TJ, TM). European 
patent (AT. BE. CH, CY, DE, DK, ES, H, FR. GB. GR, IE. 
rr. LU, MC. NL. PT, SE, TR), OAPI patent (BP. BJ. CF. 
CG. CI. CM, GA, GN, GW. ML, MR, NE, SN. TD. TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" af^aring at the begin- 
ning of each regular issue of the PCT Gazette. 



': (54) Title: REAL-TIME PAUSE CATCH-UP FOR DISC MEDIUM 



PU^YBACK 

SPEED OF 2P 



1 

READ AND 
DISPLAY 


2 

SKIP 


3 

READ AMD 
DISPLAY 


4 
SKIP 


5 

READ AND 
DISPLAY 


6 
SKIP 







in 



O 



PLAYBACK 
SPEED OF 4P 



1 

READ AND 
DISPLAY 


2 

SKIP 


3 

SKIP 


4 

SKIP 


5 

READ AND 
DISPLAY 


6 

SKIP 


7 

SKIP 


8 

SKIP 


9 

READ AND 
DISPLAY 



(57) Abstract: The invention features a method for resuming real-time display of continuous video programming after a pause 
interval during which the video programming is recorded on a medium. In response to a pause-resume command, a playback signal 
is produced from the recording medium wherein the playback signal contains only selected picture blocks comprising less dian all 
the recorded video programming. In one arrangement, the invention can read a picture block, display all the pictures in die block and 
dien skip a predetermined number of blocks. In another arrangement, the invendon can read all blocks and display a predetermined 
number of pctures. In another arrangement, the invendon can read a predetermined number of blocks, skip a predetermined number 
of blocks and then display a predetermined number of pictures from the blocks that are read. 
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REAL-TIME PAUSE CATCH-UP FOR DISC MEDIUM 
BACKGROUND OF THE INVENTION 

Technical Field 

5 The inventive arrangements relate generally to methods and apparatus 

providing advanced operating features for video only and both video and audio 
programs recorded on disc media, for example recordable digital video discs, hard 
drives and magneto optical discs. 
Description of the Related Art 

10 Various devices have been developed to enable consumers to record video 

and/or audio programs for later presentation. Such devices include tape 
recorders, video cassette recorders, recordable compact discs, and most 
recently, recordable digital video discs (DVD). Hard drives and magneto optical 
discs have also been used. 

15 A DVD that can be recorded on only once, and thereafter is essentially a 

DVD read only memory. Is referred to by the acronym DVD-R. The acronym 
DVD-R is also used generally to refer to the v\^rite-once, or record-once, 
technology. Several formats are available for DVD's to be recorded on, erased 
and re-recorded; that is, overwritten or rewritten. These are referred to by the 

20 acronyms DVD-RAM, DVD-RW and DVD + RW. As of this time no uniform 

industry standard has been adopted. The acronyms DVD-RAM, DVD-RW and 
DVD + RW are also used generally to refer to the respective rewritable 
technologies. Reference herein to rewritable DVD technology, devices and 
methods is generally intended to encompass all of the standards which are now 

25 being used, as well as those which may be developed in the future. 

In many cases, the program presentations are recorded in the viewer's 
absence for presentation at a later, more convenient time. This is referred to as 
time shifting the program. At other times, the viewer may be called away while 
he is watching a program that is not being recorded. If the viewer owns a 

30 conventional video cassette recorder, the viewer may begin recording the 
program during the interruption. The viewer, however, must wait until the 
program is completed to watch the remainder of the program in a proper time 
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sequence. A further complication is that the time to complete the recording can 
be excessive depending on the length of the broadcast. This can result in the 
viewer ignoring the interruption or missing significant portions of the program. 

To overcome this problem, a DVD video recorder can incorporate a pause 
5 feature and a pause-resume feature. If a viewer is interrupted and desires to 

record a program, the viewer can initiate the pause feature. When activated, this 
setting, similar to other conventional video recording machines, allows the viewer 
to record incoming video. Significantly, however, when the pause-resume 
feature is activated, the DVD video recorder jumps back to that portion of the 

10 program where the pause was initiated to commence playback yet continues ta 
record incoming video. As a result, the viewer, if interrupted for any number of 
reasons, can watch a program in its entirety without having to wait for the 
original broadcast to end. 

When the DVD recorder is in pause-resume mode, there will be a fixed 

15 delay between the real-time video signal received by the DVD video recorder 
device and the display of that video. For example, if a ten minute portion of a 
video broadcast is recorded when the DVD device is in pause mode, then the 
displayed video will continuously lag ten minutes behind the real-time recording 
once the user returns and places the DVD device in the pause-resume mode. 

20 In certain instances, it may be desirable to eliminate this delay. For 

example, eliminating the delay can permit a DVD recorder to implement an 
instant replay feature. Under this feature, if a viewer wishes to replay a 
particular section of a program being recorded, the viewer can instruct the DVD 
recorder to jump back and immediately replay that particular section. By 

25 reviewing a portion of the recorded program, however, any subsequent video 

that the viewer watches will continuously lag the real-time recording. This may 
be particularly troublesome if the program is, for example, a live sporting event. 



Summary of the invention 

30 The invention features a method for resuming real-time display of 

continuous video programming after a pause interval during which the video 
programming is recorded on a medium. In one arrangement, the method can 
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include the steps of: in response to a pause-resume command, producing a 
playback signal from the recording medium wherein the playback signal contains 
only selected picture blocks comprising less than all the recorded video 
programming. 

In another arrangement, the method can further include the step of 
continuing to record the video programming after the pause-resume command. 
Further, the method can also include the step of producing the playback signal 
until the delay between the playback signal and the continuous video 
programming is reduced to a predetermined value. 

In another aspect of the above method, the rate at which the delay 
between the playback signal and the continuous video programming is reduced is 
determined at least in part by a number of picture blocks omitted between the 
selected picture blocks. In addition, the selected picture blocks can be played 
back at IP speed. Alternatively, the selected picture blocks can be played back 
at a rate faster than 1 P speed. 

In another arrangement of the above method, each selected picture block 
can be comprised of at least one complete VOBU. In yet another arrangement, 
each selected picture block can be comprised of only selected pictures 
comprising less than a complete VOBU. 

In another aspect, the invention also features a recordable disc medium 
system for resuming real-time display of continuous video programming after a 
pause interval during which the video programming is recorded on a medium. In 
one arrangement, the recordable disc medium system includes: means responsive 
to a pause-resume command for producing a playback signal from the recording 
medium wherein the playback signal contains only selected picture blocks 
comprising less than all the recorded video programming. 

In another arrangement, the above system can further include a device 
controller for causing continued recording of the video programming after the 
pause-resume command. Further, the device controller can cause the production 
of the playback signal until the delay between the playback signal and the 
continuous video programming is reduced to a predetermined value. 
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In another aspect of the above system, the rate at which the delay 
between the playback signal and the continuous video programming is reduced is 
determined at least in part by a number of picture blocks omitted between the 
selected picture blocks. In addition, the selected picture blocks can be played 
5 back at IP speed. Alternatively, the selected picture blocks can be played back 
at a rate faster than 1 P speed. 

In another arrangement of the above system, each selected picture block 
can be comprised of at least one complete VOBU. In yet another arrangement,., 
each selected picture block can be comprised of only selected pictures 
10 comprising less than a complete VOBU. 

Brief Description of the Drawings 
FIG. 1 is a block diagram of a rewritable DVD device that can be provided 
with one or more advanced operating features in accordance with the inventive 
15 arrangements herein. 

FIG. 2 is a diagram useful for illustrating the spiral track on a rewritable 

DVD. 

FIG. 3 is a diagram useful for explaining the organization of video object 
units in video object sets. 
20 FIG. 4A is a flow chart that illustrates the operation of a skip and play 

catch-up mode with accompanying examples. 

FIG. 4B is a diagram useful for illustrating the inventive arrangements. 
FIG. 5 A is a flow chart that illustrates the operation of a smooth catch-up 
mode with accompanying examples. 
25 FIG. 5B is a diagram useful for illustrating an alternative embodiment of, 

the invention. 

FIG. 6A is a flow chart that illustrates the operation of a smooth-skip and 
play catch-up mode with accompanying examples. 

FIG. 6B is a diagram useful for illustrating an alternative embodiment of 
30 the invention. 
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Detailed Description of the Preferred Embodiments 
Recordable DVD Device 

A device TOO for implementing the various advanced operating features in 
accordance with the inventive arrangements taught herein utilizes a rewritable 
5 disc medium in accordance with the inventive arrangements is shown in block 
diagram form in FIG. 1 . The rewritable disc medium is embodied as a rewritable 
DVD in the illustrated embodiment. In many instances, as will be noted, the 
rewritable disc medium can also be, for example, a hard drive or a magneto 
optical disc (MOD). An example of a MOD is a mini-disc. In many instances, the 

10 inventive arrangements are applicable to video or audio or both video and audio. 
The device 100 is capable of writing onto and reading from the disc 
medium, in this example, a rewritable DVD 102. The device comprises a 
mechanical assembly 1 04, a control section 1 20, a video/audio input processing 
path 1 40 and a video/audio output processing path 1 70. The allocation of most 

15 of the blocks to different sections or paths is self-evident, whereas the allocation 
of some of the blocks is made for purposes of convenience and is not critical to 
understanding the operation of the device. 

The mechanical assembly 104 comprises a motor 106 for spinning the 
DVD 102 and a pickup assembly 108 that is adapted to be moved over the 

20 spinning disc 102. A laser on the pickup assembly 108 burns spots onto a spiral 
track on the disc 1 02 or illuminates spots already burned onto the track for 
recording and playing back video and/or audio program material. For purposes of 
understanding the invention, it is irrelevant whether the disc 102 is recordable on 
one or two sides, or in the event of a double-sided recording, whether the 

25 double-sided recording, or subsequent reading from the disc 102, takes place 
from the same side of the disc or from both sides. The pickup assembly 108 
and the motor 106 are controlled by a servo 110. The servo 1 10 also receives 
the Playback Signal of data read from the spiral track of the disc 1 02 as a first 
Input. The Playback Signal is also an input to an error correction circuit 1 30, 

30 which can be considered part of the control section or part of the video/audio 
output processing path 170. 
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The control section 1 20 connprises a control central processing unit (CPU) 
122 and a navigation data generation circuit 126. The control CPU 122 supplies 
a first input signal to the navigation data generation circuit 126, and the servo 
1 lO supplies a second input signal to the navigation data generation circuit 126. 
5 The servo 110 can also be considered part of the control section 1 20. The 
navigation data generation circuit 1 26 supplies first input signal to the 
multiplexer (MUX) 1 54, which forms part of the video/audio input processing 
path 140. 

The output of the MUX 1 54 is an input to an error correction coding 

10 circuit 128. The output of the error correction coding circuit 128 is a recordable 
input signal supplied to the pickup 108, which will be "burned" onto the spiral 
track of the disc 1 02 by the laser. 

The control CPU 1 22 also preferably has access to the data contained in 
the track buffer 172 and record buffer 152 as shown in FIG. 1 . The control CPU 

15 122 can delete, modify, and reformat video data stored in the track buffer 172 
and record buffer 1 52. Control and data interfaces are also preferably provided 
for permitting CPU 1 22 to control the operation of video encoder 1 44 and audio 
encoder 148. Suitable software or firmware is provided in memory for the 
conventional operations performed by control CPU 122. In addition, program 

20 routines for the advanced features 1 34 are provided for controlling CPU 1 22 in 
accordance with the invention as shall hereinafter be described in greater detail. 

A control buffer 132 for viewer activatable functions indicates those 
functions presently available, namely play, record, reverse, fast forward, slow 
play, jump, pause/play and stop. In addition, a separate buffer 136 is provided 

25 to receive commands for implementing the inventive arrangements taught herein. 

The video/audio Input processing path 140 is a signal processing circuit for 
converting a conventional television signal, for example NTSC or PAL, into 
digitized packet data, for example MPEG-1 or MPEG-2, for digital recording by 
the device 100. The input path 140 comprises an NTSC decoder 142 and video 

30 encoder, for example MPEG-1 or MPEG-2, 144 for video in, and comprises an 
audio analog-to-digital converter (A/D) 1 46 and an audio encoder, for example 
MPEG, AC3 or DTS. 148. The digitized signals are combined in a multiplexer 
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150 and stored in the record buffer 152 until an entire packet has been 
constructed. As groups of audio and video data packets are created, they are 
combined in MUX 154 with appropriate navigation packets generated in the 
navigation generation block 126. The packets are then sent to the error 
correction coding circuit 128. Error correction coding circuit 128 can also be 
deemed to be part of the input path 1 40. 

The output processing path 1 70 comprises error correction block 1 30 and 
a track buffer, or output buffer, 172, in which data read from the disc 102 is 
temporarily stored for further processing. This data is processed by conditional 
access circuit 1 74 that controls propagation of the data through demultiplexer 
176 and into respective paths for video and audio processing. 

The video is decoded by decoder 178, for example from MPEG-1 or MPEG- 
2, and encoded as a conventional television signal, for example NTSC or PAL. 
The audio is decoded by circuit 182, for example from MPEG, AC3 or DTS, and 
converted to analog form by audio digital-to-analog (D/A) converter 1 84. 

Notably, the present invention can be realized in hardware, software, or a 
combination of hardware and software. Machine readable storage according to 
the present invention can be realized in a centralized fashion in one computer 
system, for example the control CPU 1 22, or in a distributed fashion where 
different elements are spread across several interconnected computer systems. 
Any kind of computer system or other apparatus adapted for carrying out the 
methods described herein is acceptable. 

Specifically, although the present invention as described herein 
contemplates the control CPU 122 of FIG. 1, a typical combination of hardware 
and software could be a general purpose computer system with a computer 
program that, when being loaded and executed, controls the computer system 
and a DVD recording system similar to the control section 120 of FIG. 1 such 
that it carries out the methods described herein. The present invention can also 
be embedded in a computer program product which comprises all the features 
enabling the implementation of the methods described herein, and which when 
loaded in a computer system is able to carry out these methods. 
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A computer program in the present context can mean any expression. In 
any language, code or notation, of a set of instructions intended to cause a 
system having an information processing capability to perform a particular 
function either directly or after either or both of the following: (a) conversion to 
5 another language, code or notation; and (b) reproduction in a different material 
form. The invention disclosed herein can be a method embedded in a cornputer 
program which can be implemented by a programmer using commercially 
available development tools for operating systems compatible with the control 
CPU 1 22 described above. 

10 DVD Media 

For purposes of illustrating the inventive arrangements, program material 
can be recorded onto a rewritable DVD and played back from a rewritable DVD. 
A rewritable DVD 10 shown in FIG. 2 is suitable for use as disc 102 in device 
100. The disc 10 is formed by a flat, round plastic plate-like member 12. The re- 

15 writable DVD can consist of two substrates bonded together by an adhesive 

layer forming a 1 .2mm thick disk. A center hole 14 can be formed in the disk so 
that a gripping device of the motor 106 of FIG. 1 can securely grip the disk and 
control the angular motion of the same in accordance with the inventive 
arrangements. 

20 The direction of recording on the track is typically outwardly along a spiral 

track 1 6, from a smaller radius part of the spiral to a larger radius part of the 
spiral. The several series of three large dots ( • • • ) denote portions of the track 
not shown in the drawing. As a result, the beginning of the spiral track is 
deemed to be near the hole 14, and is denoted by square 18. The end of the 

25 spiral is deemed to end near the rim, and is denoted by diamond 20. Those 

skilled in the art generally accept defining the beginning and end of the spiral as 
noted. The track can also have a side-to-side wobble, not shown in the drawing, 
to accommodate media type indexing. Due to difficulties of scale only portions 
of the track 1 6 are shown, and these are shown in greatly enlarged scale. 

30 Each nearly circular, radially concentric section of the spiral is sometimes 

referred to as a track, but this terminology is not commonly accepted as having 
that specific meaning. In CD-ROM's, for example, the term track is also used to 
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refer to that portion of the spiral track that contains a single audio song, or other 
selection, and the same may or may not become common for DVD's. 

The inventive arrangements have been described herein relative to 
recordable DVD media. Those skilled in the art will appreciate, however, that the 
5 invention is not limited in this regard. Rather, the improvements to DVD 

navigation information for improved trick modes as described herein can be used 
with any type of disc media, including but not limited to DVD-R type media. 
DVD Data Structures 
As shown in FIG. 3, each DVD contains a video manager 26 and video 
10 title set (VTS) 28. The VTS includes video title set information (VTSI) 27, an 
optional video object set for menu 29, one or more VOBS for title 30 which 
contains the actual title content, and a VTSI backup 31 . Each VOBS 30 is 
comprised of a plurality of video objects 32. Each video object 32 includes a 
plurality of cells 34. Each VOBS also includes a collection of pointers to cells. In 
15 this way, the VOBS data links cells together and indicates in what order the 

programs or cells are to be played. Cells within a particular VOBS can be flagged 
for play in any desired order. For example, they can be played sequentially or 
randomly. 

Each cell includes a plurality of VOBU's 36. Each of the VOBU's 36 in 
20 which the video content of the disc resides typically contains 0.4 to 1 .0 seconds 
of presentation material. Each VOBU 36 is a sequence of data packs in recording 
order. Each VOBU starts with exactly one navigation pack (NV_PCK) 38 and 
could encompass all of the following kinds of packs, including video packs 
(V PCK) 39, audio packs (A_PCK) 40 and sub-picture packs (SP_PCK) 42. Each 
25 VOBU is nominally comprised of one group of pictures (GOP). 

Real-Time Pause Catch-Up For Disc Medium 
According to the inventive arrangements, the delay between the real-time 
recording of video and the display of that video during simultaneous playback 
and recording can be eliminated by providing a catch-up mode of operation. The 
30 present invention includes three alternative arrangements that enable the 

playback signal to catch-up to the real-time recording. Two of these catch-up 
modes permit disc medium recorders with limited playback speeds caused by 
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relatively slow reading rates to significantly accelerate the playback of video 
without having to improve their reading rate capabilities. The third catch-up 
mode will produce a smoother picture during playback of video in disc medium 
recorders that can read at higher rates. As a result, these three catch-up modes 
5 permit viewers to catch up to their programs in real-time after a pause-resume 
command, even on disc medium recorders with slow reading rates. 

Turning to FIG. 4A, flowchart 400 illustrates the preferred operation of 
one of these catch-up modes referred to as skip and play catch-up mode. This 
catch-up mode is preferably used in disc medium recorders that have a maximum 

10 reading rate of 1 1 Mbits/sec (IX). At step 410, a pause-resume command is 
received and the device 100 begins to alternate between reading and writing 
data on the disc 102. At this point, the playback signal of the recorded video 
tags behind the recording of the video. The delay between the recording and the 
playback signal will remain fixed until the viewer initiates a pause catch-up 

15 command in step 412. Once the catch-up command is received, the device 100 
can read a block of pictures preferably during the next reading step, as shown in 
step 414. A block of pictures can contain any number of pictures but is 
preferably a VOBU in the embodiment described relative to FIG. 4B. 

For purposes of buffer management, the time spent in step 414 reading 

20 the video in each block is preferably equivalent to the time spent during each 
writing step and the associated jumping time. For example, if the device 100 
typically spends roughly two seconds to (1) position the pickup assembly 108 for 
the next writing step, (2) write data and (3) position the pickup 1 08 for the next 
reading step, then it is preferable for each block to contain two seconds of video. 

25 Such an arrangement allows the device 100 to perform the skip-n-play catch-up 
mode without altering the capacity of its record buffer 1 52 or its track buffer 
172. It should be noted, however, that the invention is not so limited, as any 
amount of video can be contained in each particular block. Moreover, the 
invention is not limited to reading a single block of video during the reading 

30 steps, as the invention can be adapted to read a portion of or a plurality of blocks 
during each reading step. 
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At step 414, once a particular block is read, all the pictures contained in 
the block can be displayed. The device 100 can then skip a predetermined 
number of blocks, as shown in step 416. Specifically, if the viewer wishes to 
catch up to live video programming at a rate of nP {where P is a normal playback 
5 speed), then the device 100 can skip n-1 blocks of video before reading another 
block of video. FIG. 4B illustrates two examples of this process. For a playback 
speed of 2P, the device 100 can read the first block of video and can display all 
the pictures contained in this block. The device can then skip the next block of 
video and can read the third block. The device 1 00 does not attempt to read the 

10 data in the skipped block. Similar to the first block, all the pictures in the third 
block can be displayed. In this example, the playback speed is doubled. 

For a playback speed of 4P, the device can read the first block of video 
and can display all the pictures contained in this block. The device 1 00 can then 
skip the next three blocks of video before reading the fifth block. Once again, all 

15 the pictures in this block can be displayed. In this example, the playback speed 
is quadrupled. Turning back to flowchart 400, in step 418, the catch-up mode 
can continue until the delay between the playback signal and the video 
programming source is reduced to a predetermined value, which may be equal to 
the device 1 00 propagation delay, as shown in step 420. Subsequently, the 

20 catch-up mode can end at step 420. 

The overall effect of the skip and play catch-up mode is to accelerate the 
playback speed of the video without having to increase the maximum reading 
rate. This is because a significant amount of video does not have to be read in 
order for the viewer to eliminate the delay between playback and recording. 

25 Referring to FIG. 5 A, flowchart 500 illustrates the preferred operation of 

the second catch-up mode, smooth catchrup. This particular catch-up mode is 
preferably used where the reading speed of a disc medium recorder is greater 
than or equal to the desired catch-up playback speed. Similar to skip and play, a 
pause-resume command is received in step 510, and the playback signal initially 

30 lags the recording for a fixed amount of time. This can continue until the viewer 
initiates a pause catch-up mode, as shown in step 512. In contrast to the skip 
and play mode, the smooth catch-up mode preferably reads all the recorded 
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video from the disc without skipping any blocks during the reading process. To 
accelerate the video playback, the playback signal can contain a predetermined 
number of the pictures based on the playback speed. Specifically, the device 
TOO can read video from the disc at step 514 and can display every aj"" picture 
5 based on a playback speed of nP, as shown in step 516. FIG. 5B illustrates two 
examples of this process in which each picture block displayed can contain one 
or more pictures. 

For a playback speed of 2P, the device 100 can read video data from the 
disc 102 and can display every other picture. Once all the selected pictures are 

10 read, the device 100 can move to read more pictures. In this example, the 
playback speed is doubled. 

For a playback speed of 4P, the device can read video from the disc 102 
and can display a first picture. The device 1 00 can then skip playback of the 
next three pictures before displaying the fifth picture. This procedure repeats 

15 itself during the catch-up mode resulting in a playback speed that is four times 
faster than normal speed. Turning back to flowchart 500, the catch-up mode 
can continue until the delay between the continuous real-time source and the 
DVD playback signal is reduced to a predetermined value, as shown in step 520. 
Accordingly, the mode can end at step 522. 

20 Since the gaps between displayed video pictures are smaller in the method 

shown in flowchart 500, the smooth catch-up mode can produce a smoother, 
more continuous flowing display during playback acceleration. However, since 
all the pictures in all the blocks are read in smooth catch-up, a disc medium 
recorder that employs this mode preferably has a relatively high reading rate, 

25 typically 2X or greater. In addition, faster processing of the data being read from 
the disc can cause an increase in the amount of time necessary for each reading 
step to prevent reading buffer underflow. The increased reading time can also 
lead to writing buffer overflow. Accordingly, it is preferable to use suitably sized 
buffers to compensate for the increase in reading time. 

30 Since the disc medium recorder in this case generally has a higher reading 

rate, the recorder can produce a higher quality display during accelerated 
playback if the bit rate in the recorder drops below the maximum rate. This is 
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because the lower bit rate produces a tower risk of buffer overflow/underflow 
thereby allowing the recorder to read and display a greater number of pictures 
during accelerated playback. Displaying a greater number of pictures causes less 
information to be lost during the playback thereby increasing the display quality. 
5 Referring to FIG. 6A, flowchart 600 illustrates the preferred operation of 

the third catch-up mode, smooth-skip and play mode. This mode incorporates 
features from both of the previously discussed modes. Specifically, the device 
100 can read and then skip a predetermined number of blocks of pictures from 
the disc 102. The blocks in this case preferably contain groups of pictures and 

10 can be a VOBU. The system can then display a predetermined number of 

pictures contained in the blocks that are read. Preferably, blocks of pictures are 
skipped if the desired catch-up playback speed is greater than the reading speed. 
Conversely, if the reading speed is greater than the catch-up playback speed, 
then it is preferable to avoid skipping blocks of video and to accelerate the 

15 playback signal by using the smooth catch-up mode as discussed in flowchart 
500. 

As in flowcharts 400 and 500, a pause-resume command is received in 
step 610, and the playback initially lags the recording by a fixed amount of time. 
This can continue until the viewer initiates the pause catch-up mode, as shown 

20 in step 612. As shown in step 614, the device 100 can determine whether the 
reading speed is greater than the playback speed. If the reading speed is less 
than the desired catch-up mode playback speed, then the device 1 00 can read a 
predetermined number s blocks based on the reading rate mX employed by the 
device 100 and the playback speed nP, as shown in step 616. In accordance 

25 with step 61 8, every m'" picture from each block can be displayed based on the 
reading speed mX. This displaying process is similar to that used in the smooth 
catch-up mode. At step 620, the device 100 can then skip a predetermined 
number r blocks also based on the reading rate mX and the playback speed nP. 
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Specifically, the device 100 can read s blocks and then skip r blocks 



r/s = (n-m)/m 

such that: m = the maximum reading rate; 
A7 = the playback speed; 

and the greatest common divisor of r and s i,S;/1 . 



10 FIG. 6B illustrates two examples of this process. 

For a playback speed of 4P and a reading rate of 2X, a/s = 2/2. Thus, 
r/s=M^. Accordingly, the device 100 can read one block of pictures and can 
skip one block of pictures. The device can then display every other picture from 
the block. In this example, the actual playback speed is quadrupled. 

15 For a playback speed of 5P and a reading rate of 2X, r/s = 3/2. Therefore, 

the device 100 can read two blocks of video and then skip three blocks. In 
addition, it is preferable to avoid reading blocks in succession if a greater number 
of blocks are to be skipped. As an example, the device 100 can read block 1, 
skip blocks 2 and 3, read block 4 and then skip block 5. This can produce a 

20 smoother playback since the lowest possible number of blocks are skipped 

between readings. The device 100 can then display every other picture from the 
three blocks of pictures that are read. In this example, the playback speed is 
quintupled. 

Turning back to step 626 in flowchart 600, the catch-up mode can 
25 continue until the delay between the real-time source video and the playback 
signal has reached a predetermined value. For example, this may be the 
propagation delay through the DVD player when operating in pause-resume 
mode. If so, the mode can end at step 630. Otherwise, the system can 
continue reading in step 622. 
30 Since a disc medium recorder employing the process of flowchart 600 

does not have to read all the blocks of video, the recorder can accelerate the 
playback without spending an increased amount of time reading video. As a 
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result, it is unnecessary to increase the size of the recorder's reading or writing 
buffers. Moreover, simiiar to the smooth catch-up mode, the recorder can 
produce a higher quality display during accelerated playback if the bit rate in the 
recorder drops below the maximum rate. 
5 Referring back to flowchart 600, if the playback speed is less than or 

equal to the maxirhum reading rate at step 614, then the device 100 can 
accelerate the playback signal by using the smooth catch-up mode as described 
in flowchart 500. This process is shown in step 622. 
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CLAIMS 

1 . A method for resuming real-time display of continuous video programming 
after a pause interval during which said video programming is recorded on a 
5 medium, comprising: 

responsive to a pause-resume command, producing a playback signal from 
said recording medium, said playback signal containing only selected picture 
blocks comprising less than all said recorded video programming. 

10 2. The method according to claim 1 further comprising continuing to record 
said video programming after said pause-resume command. 

3. The method according to claim 2 further comprising producing said 
playback signal until said delay between said playback signal and said continuous 

15 video programming is reduced to a predetermined value. 

4. The method according to claim 1 wherein said rate at which said delay 
between said playback signal and said continuous video programming is reduced 
is determined at least in part by a number of picture blocks omitted between said 

20 selected picture blocks. 

5. The method according to claim 4 wherein said selected picture blocks are 
played back at 1 P speed. 

6. The method according to claim 4 wherein said selected picture blocks are 
25 played back at a rate faster than 1P speed. 

7. The method according to claim 1 wherein each said selected picture block 
is comprised of at least one complete VOBU. 

30 8. The method according to claim 1 wherein each said selected picture block 
is comprised of only selected pictures comprising less than a complete VOBU. 
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9. A recordable disc medium system for resuming real-time display of 
continuous video programming after a pause interval during which said video 
programming is recorded on a medium, comprising: 

means responsive to a pause-resume command for producing a playback 
5 signal from said recording medium, said playback signal containing only selected 
picture blocks comprising less than all said recorded video programming. 

10. The system according to claim 9 further comprising a device controller for 
causing continued recording of said video programming after said pause-resume 

10 command. 

1 1. The system according to claim 10 wherein said device controller causes 
said production of said playback signal until said delay between said playback 
signal and said continuous video programming is reduced to a predetermined 

15 value. 

1 2. The system according to claim 9 wherein said rate at which said delay 
between said playback signal and said continuous video programming is reduced 
is determined at least in part by a number of picture blocks omitted between said 

20 selected picture blocks. 

13. The system according to claim 12 wherein said selected picture blocks are 
played back at 1 P speed. 

25 14. The system according to claim 12 wherein said selected picture blocks are 
played back at a rate faster than 1 P speed. 

15. The system according to claim 9 wherein each said selected picture block 
is comprised of at least one complete VOBU. 

30 

16. The system according to claim 9 wherein each said selected picture block 
is comprised of only selected pictures comprising less than a complete VOBU. 
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AMENDED CLAIMS 

[received by the International Bureau on 10 May 2001 (10.05.01); 
original claims 1, 4, 9 and 12 amended; remaining claims unchanged (3 pages)] 

1 . A method for resuming real-time display of continuous video programming 
after a pause interval during which said video programming is recorded on a 
medium, comprising: 

5 responsive to a pause-resume command, producing a playback signal from 

said recording medium, said playback signal containing only selected picture 
blocks comprising less than all said recorded video programming, wherein said 
selected picture blocks contain a plurality of pictures. 

10 2. The method according to claim 1 further comprising continuing to record 
said video programming after said pause-resume command. 

3. The method according to claim 2 further comprising producing said 
playback signal until said delay between said playback signal and said continuous 

15 video programming is reduced to a predetermined value. 

4. The method according to claim 1 wherein a rate at which said delay 
between said playback signal and said continuous video programming is reduced 
is determined at least in part by a number of picture blocks omitted between said 

20 selected picture blocks. 

5. The method according to claim 4 wherein said selected picture blocks are 
played back at 1 P speed. 

25 6. The method according to claim 4 wherein said selected picture blocks are 
played back at a rate faster than IP speed. 

7. The method according to claim 1 wherein each said selected picture block 
is comprised of at least one complete VOBU. 

30 

8. The method according to claim 1 wherein each said selected picture block 
is comprised of only selected pictures comprising less than a complete VOBU. 
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9. A recordable disc medium system for resuming real-time display of 
continuous video programming after a pause interval during which said video 
programming is recorded on a medium, comprising: 

5 means responsive to a pause-resume command for producing a playback 

signal from said recording medium, said playback signal containing only selected 
picture blocks comprising less than all said recorded video programming, wherein 
said selected picture blocks contain a; plurality of pictures. 

10 10. The system according to claim 9 further comprising a device controller for 
causing continued recording of said video programming after said pause-resume 
command. 

1 1 . The system according to claim 1 0 wherein said device controller causes 
15 said production of said playback signal until said delay between said playback 

signal and said continuous video programming is reduced to a predetermined 
value. 

12. The system according to claim 9 wherein a rate at which said delay 

20 between said playback signal and said continuous video programming is reduced 
is determined at least in part by a number of picture blocks omitted between said 
selected picture blocks. 

13. The system according to claim 12 wherein said selected picture blocks are 
25 played back at IP speed. 

14. The system according to claim 12 wherein said selected picture blocks are 
played back at a rate faster than 1 P speed. 

30 15. The system according to claim 9 wherein each said selected picture block 
is comprised of at least one complete VOBU. 
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1 6. The system according to claim 9 wherein each said selected picture block 
is comprised of only selected pictures comprising less than a complete VOBU. 
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